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A PROGRAM OF INVESTIGATION AND COOPERA 
TIVE EXPERIMENTATION IN THE MATHEMAT 
ICS OF THE SEVENTH, EIGHTH AND NINTH 
SCHOOL YEARS. 

RALEIGH SCHORLING and JOHN R. CLARK, 

The Lincoln School of Teachers' College. 

The Present Status of M at he mattes in Grades Seven, Eight, 
and Nine.?There appears to be widespread dissatisfaction with 
the content and the organization of traditional materials of in 
struction in these grades. In particular, the work of these 

years is characterized by waste of time and effort in the teach 

ing of insignificant subject matter. There is little defense 

against the charge that the conventional seventh and eighth 
grade mathematics devotes much time to unmotivated and un 

productive reviews; that much of the social-economic arith 
metic (taxes, insurance, stocks, bonds, and the like) is beyond 
the comprehension of the pupils of these earlier grades; that 
common sense estimation in solving problems does not receive 

adequate exercise; and that American practice has not begun 
to profit by the experiences of European schools in giving to 

pupils of these grades an outlook and an appreciation of the 

significance and meaning of mathematics beyond arithmetic. 
Even less defense is offered for the conventional algebra of 

the ninth school year. Conservative mathematicians have rec 

ognized the need of reconstruction in this grade. Extreme 

emphasis upon the manipulation of symbolism, which to the 

pupil does not have meaning and significance, together with 

poorly selected content and material of little value even in 
later courses of mathematics, constitute the two pronounced 
indictments of the standard algebra of the ninth grade. Pro 

gressive teachers of mathematics and many school adminis 
trators are demanding a reconsideration of the content and 

methods of teaching in this grade. 
Variability in Recent Junior High School Courses in Math 

ematics.?The strongest evidence of the fact that the mathe 
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matics problem of these grades has not been satisfactorily 
solved is found in the marked variation in the existing series 
of texts for these years. In the content and grade placement 
of various books we have clear evidence of distinctly different 

hypotheses concerning the curriculum for these grades. One 

writer, for example, holds that the seventh grade should be 

given entirely to arithmetic and the eighth and ninth grades 
to general mathematics. Another advocates geometry as the 

major work of the seventh grade, arithmetic for the eighth, 
and algebra for the ninth. The usual practice is based upon 
the theory that little geometry and less algebra should be 

given prior to the ninth grade. 
Scarcely any critic would argue that these alternative 

schemes are equally effective in forming desirable habits, giv 
ing useful information and increasing mathematical power. 

Experimentation involving a very careful testing of methods 
and results should eventually disclose the most effective use 
and organization of material. It is urgent that students of 
education evaluate these courses. 

Bases for the Selection of Subject Matter.?The validity of 

proposed subject matter will be determined by the degree to 
which it serves worthy individual and social needs and to which 
it meets the requirements of a sound psychology of learning. 

When the materials of instruction have been fairly well deter 

mined, the arrangement (grade placement and sequence of 

details) becomes a psychological problem, the solution of 
which will depend upon critical analyses of children's re 

sponses to these materials. 
Conventional curriculum practice proceeds in quite the op 

posite manner. The tendency to continue existing practice 
has kept the curriculum more or less static. A careful student 
of education a generation ago might have suggested the ap 
proximate type of reorganization in mathematics which is 

being affected today. In fact, Professor Hanus, of Harvard, 
in his addresses to the Harvard Teachers' Association twenty 
eight yea^rs ago, advocated a new curriculum including many 
of the reforms now receiving attention. 

Desirability of Organizing Subject Matter in Accordance 
with Known Principles of Learning.?Modern psychology of 
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learning states that children learn the concepts and principles 
of mathematics as they learn other meanings?through abun 

dant, varied and purposeful experience. In the junior high 
school grades numerous attempts to improve the curriculum 
take the form of " 

shoving down " the mathematics from the 
senior high school grades. Much of the present dissatisfaction 
is due to the fact that these courses were shifted downward 

without an adjustment to the needs, capacities and interests of 
less mature minds. This temptation is particularly noticeable 
in those communities which are instituting junior high schools 

without a clear philosophy of the junior high school curriculum 
and with teachers who are held by traditional practice. The 
new movement clearly requires that a new spirit and method 
shall be developed in these grades. The details of this tech 

nique can be discovered and arranged only on a basis of ex 

tensive classroom studies. 

Knowledge of the Details of Learning in Mathematics 

Vague.?The evidence that our knowledge of the details of 

learning in mathematics is inadequate is seen in the great 
number of debatable issues which can be raised. For example, 
assuming agreement upon the content of the course, it may 
be asked: 

(a) Should the materials be presented under the headings 
of arithmetic, algebra and geometry, or should these materials 
be merged into general mathematics? 

(b) To what extent should the topical organization of this 
course persist? To what extent may the organizing princi 
ples of the course be found within the subject itself as con 
trasted with the possibility of presenting a series of projects 
designed to teach the necessary skills and information? 

(c) Would children incidentally (without classroom in 

struction) acquire the knowledge of the minimum essentials 
of the subject? In other words, does classroom teaching re 
sult in consuming time with material which would be learned 
anyway ? 

(d) What constitutes sufficient practice for the necessary 
skills? 

(e) What is the most desirable frequency and length of 
review periods? 
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(/) How much practice, at the time of initial teaching, 
should a new topic receive ? 

(g) What specific skills, information and knowledge of 
principles do children possess when they come to the seventh 

grade ? 

(h) Is there a definite relation between speed and accuracy 
in computation? Does increasing either increase the other? 

These and other questions which occur to any critical teacher 
can be answered only after extensive studies of children's 

responses. 

General Principles of Agreement.?Exponents of the reor 

ganization movement in mathematics appear to be in agree 
ment upon the following considerations: 

1. The threefold purposes of teaching junior high school 
mathematics is: (a) to make school studies and life out of 
school mean more to a boy or a girl than they otherwise would ; 
(b) to induce the pupil to react to a variety of human activi 

ties, which yield greater satisfaction; and (c) to give to the 

pupil more ready and accurate control of the numerical and 

spatial relations of human life. 
2. The course in each year should give the pupil the most 

intrinsically valuable mathematical information and training 
which he is capable of receiving at that time, with little con 
sideration for the needs of subsequent courses. 

3. The content of these courses must be built from the point 
of view of the children, and from the consideration of social 

needs, and not solely from the logical requirement of mathe 
matics. 

4. The general aim stated at the outset will necessitate the 
inclusion of certain elements of arithmetic, intuitive geometry, 
algebra, numerical trigonometry and statistics. 

5. Throughout the courses the idea of relationship or of the 

dependence of one quantity upon the other is to be emphasized. 
From the mathematical point of view, this notion of function 
is the unifying principle ; but from the point of view of teach 

ing, the basic, guiding principle is not found within the science 

itself, but within the children's learning. 
6. In organizing the course the usual emphasis upon the 

special divisions of mathematics and the customary time allot 
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ment should be replaced by the introduction of the topics in 

such a way as to insure a maximum of direct and intensive 

application, flexibility and significant interrelations. 
7. The mathematics of the junior high school should mark 

the end of the required mathematics, and hence it must throw 
into bold relief those general mathematical ideals, tools and 
habits which are now regarded as of maximum importance. 

8. The unity of space and number should persist throughout, 
for geometry furnishes a concrete source, setting and illustra 
tion of significant number relations. In consequence, measure 

ment is one of the fundamental processes by which the pupil 
may discover the significant number relationships directly 
through the senses. 

9. Manipulation as an end is to be eliminated. Mechanical 
work can be justified only when necessary for understanding 
and using fundamental principles. 

10. Attention should be directed toward a better apprecia 
tion of the part that mathematics has played and is playing 
in the progress of civilization, in order to give a better under 

standing of common situations. 
11. The material should be vitalized through the early intro 

duction of principles .that are commonly delayed until the 
later courses, as, for example, numerical trigonometry; and 

through a closer correlation with other school subjects, as, for 

example, elementary science, mechanics, industrial art, fine ?rt. 
12. The material is to be socialized through the extension 

of units of instruction from classroom exercises and topics 
through a series of activities, projects, or problems requiring 
(1) cooperation and (2) sharing of interests, efforts and re 
sults. The course should aim to give rigorous discipline in 

things worth while. The ability of children to undertake and 

carry through purposeful activities should be recognized. 
The course should capitalize the rigorous discipline that comes 
in engaging and carrying through purposeful activities, in 
stead of trusting to the discipline of activities which are often 

uninteresting ends in themselves. 
13. Throughout junior high school mathematics common 

sense in computing with approximate data should be exercised. 
14. Through observation, measurement, intuition and a con 
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sideration of elementary properties of geometrical figures, the 

course should lead to control of symbols, vocabulary, and the 

principles of space relations which common experience requires. 
15. Junior high school mathematics should teach the neces 

sary social and economic uses of arithmetic. The more tech 

nical forms of business practice, such as insurance, brokerage, 
stocks, bonds, etc., should be placed late in the course to utilize 

the greater maturity, experience and mathematical knowledge 
of the pupil. 

16. A marked increase in the accuracy of computation with 

integers, fractions (common and decimal) and per cents is 

imperative in these grades. 
The tendency toward agreement upon these general prin 

ciples is due chiefly to the National Committee on Mathemati 
cal Requirements and to its many cooperating organizations. 
The very rapid progress which has been achieved in the short 

period of the activities of the National Committee is an illus 
tration of the effectiveness of a cooperative enterprise under 
taken by a carefully selected group of teachers. If the cur 

riculum is to be rapidly improved, it is highly desirable that 
the progressive workers in this field continue to cooperate. 

Two Types of Investigations.?The preceding general prin 
ciples constitute the point of departure for the more detailed 

investigations which are necessary to translate this program 
into schoolroom practice. Two types of investigation appear 
to be involved: (1) a series of researches and investigations 
designed to determine a body of curriculum material which 
can be defended on a basis of social worth. These are for the 

most part individual in character; (2) a series of classroom 
studies (psychological studies) calling for cooperative efforts 
which have been referred to in the preceding section, and which 
will be discussed in detail later. 

Studies in Content.?The writers have initiated, with the 
intention of completing within a short time, the following 
studies, bearing on the determination of a valid content for 
these grades : 

It may be helpful to examine briefly each of the steps in this 

program in order to see the kind of study which is under way. 
I. What does the first six years of arithmetical instruction 
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achieve? The existing tests show fairly well the ability of 

children to compute with integers and fractions, and they tell 
us something about their ability to reason. But we have little 

information concerning the knowledge of symbols, processes, 
terms, principles and relations which sixth-grade children may 

possess. 

In consequence, an inventory test has been developed. This, 

together with the compilation of results from widely used 

existing tests, will yield a reasonably complete account of 
mathematical instruction at the close of the sixth grade. 

II. A social survey (industrial, commercial, and profes 
sional) to determine the mathematical materials that can be 

justified on basis of their social usage. 
This is an investigation of the quantitative aspects of eco 

nomic and social needs. Certain efforts to inventory social 
needs have been made in several doctors' theses, as, for ex 

ample, the study by Wilson, but the technique used in these 
studies is challenged on two counts: (1) the data were secured 
in devious ways, and (2) it may be questioned whether dis 

covering 
" 
what is " is a valuable index to " what should be." 

An inventory of various citizen groups showing that they 
think inaccurately about things mathematical in life, and that 

they dodge efficient methods in treating things quantitatively, 
does not prove that people should not be trained to think 

clearly and accurately about mathematical things. For ex 

ample, the fact that relatively few people in the United States 
know the metric system is not sufficient evidence for concluding 
that the whole nation, or indeed the whole world, should not 
be trained to use a standard metric system. 

This part of the investigation is very difficult, but its impor 
tance is great. We can get some help in finding out what the 

general reader needs by a quantitative study of the frequency 
of occurrence of mathematical symbols, terminology and facts 
in Sunday newspapers, popular magazines, advertisements, 
articles, and the like. Probably the solution of this problem 
lies in bringing together a sufficient number of job analyses 
from which specific common elements may be selected. 

III. What material should be taught in these grades? The 
materials which have been assembled by the survey should be 
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evaluated in the light of certain considerations other than fre 

quency of use. For example, the survey may show that rela 

tively few people know the marks of a good investment, or 
know how to compute compound interest, yet both of these 
elements might be included in the curriculum because of other 
considerations. There are ten or more of these considerations 
before which the elements of the new curriculum must " 

pass 
in review." Of these five ar? given as illustrations. 

1. Complete analysis of texts. 

(a) Arithmetic for grades 6-8, inclusive; 
(&) At least two or three French and German texts cover 

ing grades 6-9 ; 

(c) Junior high school texts. 

This analysis of texts will result in a series of charts, one 

showing the material that was taught in the arithmetics ten 

years ago, a second one showing what recently published texts 

include, and a third the material that is contained in the junior 
high school texts. The practice of our public school is, of 

course, determined almost wholly by the material and organ 
ization of text-books. A comprehensive survey in graphical 
form of the material that is now in use raises many questions, 
as, for example, relative emphasis, reasons why certain topics 
appear and disappear. Obviously such a study facilitates a 
critical review of the wide range of proposed materials. It 
does not determine what ought to be taught, nor will it be 

weighted heavily. 
2. An analysis of materials used in schools undertaking in 

novations in mathematics. 
There are about 175 schools in the country that are willing 

to be called experimental schools. Of this number, probably 
about 15 believe that they have put forth fruitful efforts in 

reorganizing mathematics. However, the work of these 15 
schools is not experimental in a scientific sense?that is, there 
is little careful study of a precisely defined problem under 
controlled conditions. At best, this experimental work in 

mathematics takes the form of innovations. These innova 
tions are undertaken by a group of teachers unusually well 

prepared in mathematics, both in content and in professional 
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courses. In consequence, the composite opinion of this lim 

ited group of teachers is a most significant guide to those who 

desire to improve the teaching of junior high school mathe 

matics. 

3. A collation of all committee reports on the mathematics 
of the junior high school grades. 
Writers of text-books have in turn been affected by com 

mittee reports. Hence it is essential to make a collation of 

committee reports to see to what extent the elements in the 

different reports have persisted. Committee reports at their 
best represent the composite opinion of competent teachers. 
The significant report on junior high school mathematics re 

cently issued by the National Committee on Mathematical 

Requirements is of unusual importance. 
4. A survey of the literature, articles and studies which bear 

on the problem. 
The material listed above needs to be studied for the opin 

ions of those who have given especial thought to this problem. 
The literature of high school mathematics has a number of 

very thoughtful papers with which teachers are not generally 
familiar. These papers need to be collected and studied to 
see whether practice can be improved by the counsel which 
this literature includes. 

5. Mathematical needs" of other subjects. 
This takes the form of a preliminary survey of junior high 

school mathematics to see to what extent it contributes toward 

making pupils intelligent in other school subjects. We need 
to know what materials in other school subjects can be brought 
into the mathematics classroom and used to illustrate mathe 

matical principles, and we need to know to what extent math 
ematics can be used in other school subjects. The question of 
transfer to other subjects will not be so important as the ques 
tion of direct use in making these subjects more meaningful. 

Steps IV, V, and VI will be discussed in the next section 
under " 

Studies in Learning." 

A Program of Cooperative Research. 

Studies of Learning.?It has been stated that one of the 
methods to be used in developing a valid curriculum is that of 
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cooperative experimentation. The study of children's re 

sponses to proposed materials of instructions must be made by 
many teachers with many types of children and under a 

variety of school conditions. 
A group of teachers, including the writers of this article, 

are engaged in making detailed classroom studies of this char 

acter. In general, this program takes the form of choosing 
one or more seventh-grade sections for intensive study. The 
detailed steps in the program include the following: 

1. The taking of a. complete inventory of the mathematical 

equipment of beginning seventh-grade pupils. One phase of 
this inventory refers to the first investigation listed in the pre 
ceding section. This test consists of three parts. Each part 
can be completed by all pupils in the thirty-minute period. 
The remainder of the inventory consists of a compilation from 

existing standard tests. Any teacher who makes a special 
study of mathematics with seventh-grade children is primarily 
interested in the mathematical growth of her children, but no 
valid conclusions can be achieved without complete tests before 
and after the subject is studied. In consequence, this inven 

tory test has been designed to be given at the beginning of 

seventh-grade work. 
2. The teaching of at least two distinct types of instructional 

material, one of which is constructed especially for experi 
mental purposes. The other may be chosen from one of the 

junior high school series that is now available, or it may be 

any standard arithmetic in use in the particular school system. 
It should be noted that the many types of material now avail 
able indicate distinct hypotheses concerning the selectiqn and 

placement of material in these grades. One outcome of this 

experiment will be a comparison, under controlled conditions, 
of the effectiveness of these hypotheses. 

3. A critical observation of the children's responses to the 

type of material taught. A record will be kept of pupils' suc 

cesses, failures, interests, the sufficiency of explanation, the 

adequacy of practice material, the clearness of terminology, 
the degree to which the subject matter is taken from the experi 
ences of the children and the suitability of the projects which 
are included. Special blanks will be provided for these ree 
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ords in order that the teacher may not find this technique an 

added burden. 
4. A systematic use of measurement to test the pupil's mas 

tery of each unit of material and growth in skill, information 
and mathematical power. In this, the order being teaching, 
testing, and further teaching by means of practice mat?ri?i 

especially selected to supplement instances of inadequate learn 

ing, and finally a comprehensive inventory test of the outcomes 
of teaching each year's work. From these inventories com 

parative data on the effectiveness of the two types of material 
will be secured. 

5. A similar intensive study for grades 8 and 9. The 

printed materials used by seventh-grade pupils are now avail 
able for use. This material is a printed pamphlet which can 
be secured from the writers of this article. 

An Outline of the Program as a Whole. 

The two types of investigations will be used in carrying out 
the following program: 

I. What mathematics do children know when they come to 
the seventh grade? 

II. A social and economic survey to determine the mathe 
matics materials that can be justified upon the basis of social 

usage. 

III. The evaluation of possible materials of instruction for 

grades 7, 8, 9, resulting in a tentative curriculum of what 

ought to be taught. 
IV. The organization or arrangement of these materials in 

accordance with known principles of learning. 
V. The teaching and testing of materials to ascertain the 

degree to which the objectives have been attained. 
VI. A final revision of the materials to embody any needed 

changes of order, of emphasis, or of method which may have 
been suggested by the teaching-testing step. 

A considerable number of schools will participate in this 

cooperative program. It is, of course, desirable that repre 
sentative types of pupils and teaching conditions be included. 
In particular, it is desirable to have the constructive help of 

superintendents and teachers who have a keen interest in im 
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proving the effectiveness of instruction in these grades. The 
number of schools which can be added to this list must neces 

sarily be limited in order that the experiment may not become 

unwieldy. Hence additional selections of schools will be made 
on evidence of particular interest in the problem. 

Materials to be Used by the Cooperative Schools.* 

The following types of material are included in the pro 
gram: (1) the inventory tests, (2) experimental teaching ma 

terial for seventh-grade pupils, (3) test and record blanks 
which will economize the time of the teacher and assist in 

helping to analyze pupils' learning. This material may be 
obtained from the writers. 

The members of this and other cooperative groups have 
found satisfaction and profit in the larger professional vision 
and keener critical interest in an intensive study of a well 
defined series of problems. Of the various problems of math 

ematics, the one fundamental at the present moment is surely 
that which is concerned with collecting the proper materials of 
instruction and determining their proper sequence and grade 

placement. This proposed experiment offers an opportunity to 

mobilize the efforts of those *who are thoughtful and critical 
about what mathematics children should learn, and how it can 

best be learned. 
* These materials will be supplied at approximately 80 cents per pupil in 

class lots. Individuals may secure copies of the materials for the seventh 

grade at $1.00 per copy. 
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